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Abstract 
Four pure amines were tested in a rapid screening apparatus to study hydroxyl and amine functionalities. The apparatus was 
validated with an aqueous 30 mass % MEA solution. The result shows that a viscous loaded solvent was the main challenge. The 
initial absorption rate for pure MEA was significantly higher than that of MEA in 30 mass % aqueous solutions. Pure DEA 
showed the lowest initial absorption rate while polyamines such as MAPA and DETA gave the highest absorption rates. The 
equilibrium CO2 capacity of amine was shown to correspond to the number of amine functionalities. The hydroxyl functionality 
might contribute by maintaining the interfacial tension of the gas/liquid during the process. The carbamate and bicarbonate 
formation are the main reaction products in the systems as seen in the NMR results.  
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1. Introduction 
Adsorption, a sorbent-based process, could be interesting as an alternative for CO2 removal in CCS post 
combustion. The process consists of two stages, i.e. adsorption and desorption. CO2 is adsorbed on a solid sorbent 
and then the sorbent can be regenerated by temperature or pressure swing. This process could offer some 
advantages, i.e. lower energy penalty, no solid waste and higher flexibility in the temperature swing. However, it 
also has some challenges, i.e. low selectivity, low capacity and sorbent attrition [1]. 
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The amine-based chemical adsorbents can be classified in two groups based on the interaction between amine 
and support adsorbent (via weak interactions and strong covalent bonding), i.e. Amine-impregnated and Amine-
grafted. The amine-grafted adsorbents exhibit comparatively higher adsorption rates and higher stability in cyclic 
operation than the amine-impregnated, but the amount of grafted amine depends on surface silanol groups and leads 
to a comparatively lower amine loading as compared with an impregnated solvent [2].  
In the amine-impregnated adsorbent, kinetics and heat effects are very important when evaluating the feasibility 
of operation under industrial conditions, e.g. with exhaust gas containing 3–5% water and 10–15% CO2 at 55°C in 
coal power plant flue gases. Even to evaluate the initial kinetics or CO2 loading capacity, it is hard to find any 
information in the literature. 
A screening apparatus could be an option to provide such properties. It consists of a glass reactor with gas sinter 
emerged in the pure amine solution and provides first-hand knowledge on the behavior of each solvent [3-5]. 
Different partial pressure of CO2 can be adjusted at different levels to mimic the CO2 removal process in different 
industries, such as: 3-5% CO2 for natural gas exhaust, 10-12% CO2 for coal fired power plants and 25-35% CO2 for 
the cement industry. How a pure solvent reacts with CO2 forms the basis for an amine impregnated adsorbent 
process. 
2. Experimental Part 
2.1. Material.  
Four different alkanolamines were tested as shown in figure 1: MEA >99.9%, DEA>99%, MAPA >99% and 
DETA>99% from Sigma-Aldrich. N2 (99.6%) and CO2 (99.999%) were used and blended to a desired CO2 partial 
pressure to preload the pure amine in the screening apparatus. A deuterated methanol-CD3OD from Fluka (>99.5% 
atom D and <0.1% H2O/D2O) was used as a reference solvent in the NMR analysis. 
 
 
 
Figure 1. Chemicals and Molecular Structure 
 
2.2. Experimental and procedures 
The screening absorption and desorption experiments used in this work were originally developed by Ma’mun, et 
al. [3] and have been used by different authors [4, 5]. A new jacketed glass reactor (r150ml) was made to reduce the 
solvent use and to better maintain a constant temperature during the process. About a100 gr solvent is required.  
This amount of solvent is about a7 times smaller than in the previous reported works and therefore the mass flow 
controller (MFC) of N2 and CO2 were also adjusted to have a similar gas liquid ratio with a maximum flow 
1NL/min. No purge gas is then needed as all the gas was sent to the IR CO2 analyzer (required flow a0.5-1.7 
NL/min). A new magnetic stirrer at 450 rpm was provided to improve the gas liquid contact. The operating 
procedures were similar to the previous reported works (atmospheric and up to 80°C) [3-5]. 
A fast relative comparison of semi-quantitative absorption rate, absorption capacity, stripping rate for each 
absorbent and the cyclic capacity are the main results of this measurement. Additional information from this test is 
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the visibility of the solvent during the process, foaming, precipitation and possible discoloration upon CO2 loading. 
Detailed information of the procedures and calculations can be found in the previous work [4]. 
After each experiment was completed, a sample was collected and diluted in CD3OD to reduce the viscosity. 
Then the samples were analyzed in a Bruker DRX 400 spectrometer fitted with a 5 mm dual probe 13C/1H tuned at 
the recording frequency of 100.62 MHz for 13C and 400.13 MHz for 1H. The temperature of the probe was set at 25 
ºC [6].  
 
 
Figure 2. New setup of screening apparatus. 
 
3. Results and discussion 
An aqueous 30 mass % of MEA solution was used as a base result for the absorption process and the screening 
curve is shown in figure 3. It is seen that the new reactor gave an equilibrium loading as expected at a2.5 mol CO2/ 
kg Solvent (a0.5 mol CO2/ mol MEA) but the initial absorption rate was enhanced due to the stirrer.  
 
 
Figure 3. Absorption profile as a function of loading for aqueous 30 mass % MEA solution at 40ºC and 10kPa CO2 (Blue line, this work; Red 
line, Old set up). 
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The four different amines were tested in the same apparatus and the results are shown in figure 4. This test was 
intended as an initial test to see how the different solvents with different amine functionalities would behave with 
regard to absorption rate and CO2 equilibrium capacity (figure 2). The amines were selected to represent single or 
multi amine functionality and with or without hydroxyl functionality.   
 
 
 
Figure 4. Absorption profiles as a function of loading for the selected amines at 40ºC and 10kPa CO2 (Blue line, 30 mass % MEA; Green line, 
pure MEA; Black line, pure DEA; Yellow line, pure DETA and Red line, pure MAPA). 
 
Some information can be drawn from the figure 4: 
1. Pure MEA reacts with CO2 with initial rate slightly higher compared to 30 mass% MEA in aqueous 
solution. The viscosity of solvent became significantly higher at higher loading (a5.2 molCO2/ kg MEA or 
0.32 mol CO2/mol MEA). On a mole amine basis, the loading reached a0.5 mol CO2/mol MEA indicating a 
stoichiometry of 2 mol MEA to 1 mol CO2.  
NMR spectra were acquired to identify any new species existing in the system. The spectrum is shown in 
figure 5.  As seen, the observed signal is similar to what commonly observed in an aqueous MEA/CO2 
solution. In the 13C NMR spectrum, the reference solvent (CD3OD) gives signals at 3.31 ppm in 1H NMR 
and at 49.20 ppm in 13C NMR respectively [7]. MEA-Carbamate signals (45.23, 61.21 and 166.08 ppm) are 
observed as well as the bicarbonate signal (161.50 ppm). From 1H NMR, the two signals at 3.17 ppm and 
3.58 ppm belong to the MEA-carbamate species while the signals at 2.94 ppm and 3.70 ppm belong to 
MEA. The signals for MEA itself seem to broaden due to the increase in viscosity. The carbamate species 
indicates that the product was formed via carbamate formation [2]. Bicarbonate species also present in the 
product is an indication of water in the system. Water might come from the solvent itself, from air and from 
the reference solvent in the NMR preparation.  
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Figure 5. 1H and 13C NMR spectra for pure MEA/CO2 system. 
 
2. Pure DEA also reacted with CO2 with initial rate similar to MEA but the absorption rate dropped rapidly at 
very low loading indicating low absorption rate of this solvent. When the solvent was preloaded, a more 
viscous solvent was observed and the gas distribution became poor. NMR was also used to study the 
speciation as shown in figure 6. From the 1H NMR spectrum, signals at 2.84 ppm and 3.70 ppm belong to 
the DEA while signals at 3.42 ppm and 3.68 ppm belong to carbamate. From the 13C NMR spectrum, the 
signals at 51.97 ppm and 60.85 ppm belong to DEA while those at 52.64, 63.29 and 166.0 ppm belong to 
DEA-carbamate. A signal at 161.67 was deemed to be a bicarbonate signal. Both carbamate and 
bicarbonate formation were also observed in this system. 
 
3. For both DETA and MAPA, higher initial absorption rates were observed compared to pure MEA. It gives 
an indication of faster kinetics. However, a serious challenge was observed during the experiment. The 
solvent became very viscous and tended to solidify. The gas-liquid contact became very poor as seen in 
figure 4. This phenomenon was a disadvantage for this experiment but could be benefit for the sorbent 
selection since the initial absorption rate remained high until very high loading. This was expected since 
more amine functionality is available. No attempt to produce NMR spectra was made. 
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Figure 6. 1H and 13C NMR spectra for pure DEA/CO2 system at 25ºC. 
 
4. Conclusion 
Four pure amines were tested in a rapid screening apparatus to study hydroxyl and amine functionalities. The 
apparatus was validated with an aqueous 30 mass % MEA solution. The result shows that a viscous loaded solvent 
was the main challenge. The initial absorption rate for pure MEA was significantly higher than that of MEA in 30 
mass % aqueous solutions. Pure DEA showed the lowest initial absorption rate while polyamines such as MAPA 
and DETA gave the highest absorption rates. The equilibrium CO2 capacity of amine was shown to correspond to 
the number of amine functionalities. The hydroxyl functionality might contribute by maintaining the interfacial 
tension of the gas/liquid during the process. The carbamate and bicarbonate formation are the main reaction 
products in the systems as seen in the NMR results. 
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